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(54) Separation of Lymphocytes 
From Lymphocyte-Containing 
Suspension by Filtration 

(67> Lymphocytes are separated from 
blood or other lymphocyte-containing 
suspensions by a method wherein the 
lymphocyte-containing suspension Is 
flowed through a filter 1 having a 
mass of fibers 2 exhibiting an average 
fiber diameter of greater than 1 0 
microns but not greater than 60 



microns, thereby to entrap a 
substantial part of granulocytes and 
monocytes In th8 mass of fibers and 
through a filter 5 having a mass of 
fibers 6 exhibiting a bulk density of 
0.04 to 0.40 g/cm 8 end an average 
fiber diameter of 5 to 20 microns, said 
average fiber diameter being less than 
that of the filter 1 , thereby to entrap a 
substantial pert of lymphocytes In the 
mass of fibers. Filter 5 may be located 
upstream of filter 1. 
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SPECIFICATION 

Separation of Lymphocytes From Lymphocyte- 
Containing Suspension by Filtration 

Background of the Invention 
5 This Invention relates to method of and an 
apparatus for separating lymphocytes from a 
lymphocyte-containing suspension by filtration. 

By the term "lymphocyte-containing 
suspension" used herein is meant blood, ascites, 
1 0 bone marrow and other lymphocyte or lymphocyte 
precursor cell-containing body fluids. This term 
should also be interpreted as including physically* 
chemically and/or biologically treated blood and 
other body fluids such as, for example, Wood 
1 5 diluted with a physiological solution, erythrocyte 
agglutlnant-lsuch as dextran or hydroxyethyl- 
sterchj-incorporated blood, a buffy coat and other 
lymphocyte-containing suspension layers 
prepared by oentrifugation or cell- 
20 electrophoresis. 

In recent years lymphocytes collected from 
blood have been in frequent use in the field of 
immunology. For example, lymphocytes are used 
for Immunological studies directed to 
26 histocompatibility antigens and cellular Immunity. 
Lymphocytes are also used for determining 
lymphocyte blastotransformatlon or for 
determining the proportion of T-cells to B cells, 
and for trying to separate helper T-cells and 
30 suppressor T cells from T cells. Further, 

lymphocyte component transfusions have been 
studied in great detail. 

Various processes have been employed for 
carrying out lymphocyte separation. Typical 
35 separation processes include, for example, a 
density gradient centrffugation process such as 
the Rcbll-Conray process, an anticoagulant 
incorporation-eedlmentatlon-lorcenulfugatron)- 
adhering process and a cell electrophoresis 
40 process. 

The centrlf ugatlon process involves, for 
example, piecing a plurality of liquids of different 
densities, one upon another, In a vessel to form 
density gradient superposed layers; placing blood 
45 on the top liquid layer; and then centrlfuging the 
superposed layers thereby to separate the blood 
Into several layers. 

The anticoagulant Incorporation- 
sedlmentat!on-(or centrlfugatlonj-adhering 
60 process Involved Incorporating an anticoagulant 
Into a lymphocyte-containing suspension, 
subjecting the anticoagulant-incorporated 
suspension to sedimentation or centrffugation to 
separate the suspension Into an erythrocyte 
55 sediment and leukocyte-containing liquid layer, 
then Introducing the leukocyte-containing liquid 
layer Into a column having packed therein a mass 
of fibers such as glass wool, cotton or nyion wool, 
wherein the liquid is maintained at a temperature 
60 of 37°C *> r a period of approximately 30 minutes 
to entrap granulocytes and monocytes In the mass 
of fibers, and finally collecting lymphocytes, 

The above-mentioned conventional processes 
have several disadvantages as will now be 



65 described. The density gradient centrffugation 
process requires a substantial period of time and 
skill to carry out the centrffugation step 
completely. When this process Is employed, 
lymphocytes are likely to be undesirably changed 

70 during such a long period of time and, 

furthermore, to be damaged by the centrffugation 
and repeated washing operations, The density 
gradient centrlfugatlon process further requires 
the use of a plurality of expensive apparatuses. 

75 When the lymphocytes collected by this 

centrlfugation process ere used for transfusion, 
additives such as a Ficoll-Conray solution or gum 
arable are required to be removed from the 
collected lymphocytes. 

80 In the anticoagulant Incorporatlon- 

sedlmentatlon-adherlng process, a substantial 
period of time Is required to complete separation 
of lymphocytes from the lymphocyte-containing 
suspension and It Is also difficult to collect a 

85 lymphocyte-rich suspension with a high yield. The 
ceil electrophoresis process requires the use of an 
expensive apparatus and Is therefore 
disadvantageous. 

Summary of the Invention 
90 In one aspect of the present Invention there 
is provided an apparatus for separating 
lymphocytes from blood or other lymphocyte- 
containing suspensions, comprising; 
a first filter comprising a container having 
95 packed therein a mass of fibers exhibiting a bulk 
density of from 0.04 to OAO gram/cuWo 
centimeter and an average fiber diameter of from 
5 to 20 microns, and 
a second filter disposed upstream to or 
100 downstream from the first filter, comprising a 
container having packed therein a mass of fibers 
exhibiting an average fiber diameter of greater 
than 1 0 microns but not greater than 60 microns, 
the average fiber diameter of the aecond filter 
1 06 being greater than that of the first filter, 
an outlet of one of the two filters being 
connected to an Inlet of the other filter, 

In another aspect of the present Invention, 
there Is provided a method of separating 
110 lymphocytes from a lymphocyte-containing 
suspension comprising the steps of: 

causing the lymphocyte-containing suspension 
to flow through a second filter comprising a 
container having packed therein a mass of fibers 
1 1 6 exhibiting an average fiber diameter of greater 
than 10 microns but not greater than 60 microns, 
thereby to entrap a substantial part of the 
granulocytes and monocytes In the mass of fibers 
and to obtain a granulocyte-poor and monocyte- 
120 poor lymphocyte-containing suspension, 

causing the granulocyte-poor and monocyte- 
poor lymphocyte-containing suspension to flow 
through a first filter comprising a container having 
packed therein a mass of fibers exhibit a bulk 
1 26 density of from 0.04 to 0.40 gram/cubic 

centimeter and an average fiber diameter of from 
6 to 20 microns, the average fiber diameter being 
less than that of the second filter, thereby to 
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entrap a substantial part of the lymphocytes In the 
mass of fibers, and then 

collecting the lymphocytes entrapped in the 
mass of fibers of the first filter, to obtain a 
5 lymphocyte-rich suspension. 

In a still further espect of the present invention 
there is provided a method of separating 
lymphocytes from a lymphocyte-containing 
suspanslon comprising the steps of: 

1 o causing the lymphocyte-containing suspension 
to flow through 8 first Alter comprising a container 
having packed therein a mass of fibers exhibiting 
a bulk density of from 0.04 to 0.40 gram/cubic 
centimeter and an average fiber diameter of from 

15 5 to 20 microns, thereby to entrap a substantial 
part of the leukocyte components In the mass of 
fibers, 

collecting the leukocyte components 
entrapped in the mass of fibers of the first filter, to 
20 obtain a leukocyte component-rich suspension, 
and then 

causing the leukocyte oomponemvrich 
suspension to flow through a second titter 
comprising a container having packed therein a 

25 mass of fibers exhibiting an average fiber 
diameter of greater than 1 0 microns but not 
greater than 60 microns, the average fiber 
diameter of the second filter being greater than 
that of the first filter, thereby to entrap a 

30 substantial part of the granulocytes and 
monocytes In the mass of fibers of the second 
fBter and to obtain a lymphocyte-rich suspenston. 



Brief Description of the Drawings 
The Invention will be more readily understood 
35 from the following description, taken In 

connection with the accompanying drawings, In 
which: 

Fig. 1 1s s graph showing the dependency of 
the percentages of entrapped lymphocytes and of 
40 granulocytes plus monocytes upon the average 
fiber diameter as determined at a fiber bulk 
density of 0.085 gram/cubic centimeter; 

Rg. 2 Is a diagrammatic view of one preferred 
form of the apparatus of the Invention; 
45 Fig. 3 Is a diagrammatic view of another 
preferred form of the apparatus of the invention; 

Fig. 4 la a diagrammatic view of still further 
preferred form of the apparatus of the Invention; 
Ffg. 6 Is a front sectional view of one preferred 
50 form of the outlet conduit of the apparatus of the 
invention; 

Fig, 6 is a side view of the outlet conduit 
shown In Fig. 5; 

Figs. 7 end 8 are front sectional views of two 
55 preferred forms of the Inlet conduit of the 
apparatus of the invention; 

Fig. 9 is a diagrammatic view showing one 
preferred form of connection for the two filters of 
the apparatus of the invention; and 
60 Fig. 1 0 Is a diagrammatic view showing 
another preferred form of connection for the two 
filters of the apparatus of the Invention. 



Description of the Preferred Embodiments 
Referring now to Rg. 1 which shows the 

65 relationship between the average diameter of 
each of the fibers In the filter and the percentages 
of leukocyte components, i.e. lymphocytes, 
granulocytes and monocytes, entrapped by the 
filter. In Rg. 1 , curves Ly and G>M refer to the 

70 percentages of rymphocytas and of granulocytes 
plus monocytes, respectively, entrapped by the 
filter. 

The percentages of the respective leukocyte 
components are defined by the following 
75 equation: 

% of entrapped leukocyte 

component«[(A-B)/A]x 1 00 

where A is the number of the cells of each 
leukocyte component In one microliter of the 

80 original (i.e. untreated) lymphocyte-containing 
suspension, and B is the number of the cells of 
each leukocyte component In one microliter of the 
suspension passed through the filter. 
The term "fiber diameter" used herein Is 

35 defined by the following equation: 




where 0 Is the diameter of the fiber In 
centimeters, x is the weight of the fiber in grams, 
y Is the length of the fiber in centimeters, and p is 
90 the denalty of the fiber In gram/cubic centimeter. 
The fibers used are generally of a circular cross- 
section, but the above-mentioned definition for 
the fiber diameter should also be applied to fibers 
of a non-circular cross-section. 
95 The curves G*M and Ly In Rg. 1 were obtained 
from the following experiments. Poryacrylonitrile 
fibers having various average dlemetera were 
separately packed Into a cylindrical polyvinyl 
chloride column at a bulk density of 0.085 

1 00 gram/cubic centimeter, the cylindrical polyvinyl 
chloride column exhibited an Inner diameter of 
1 .0 centimeter and a length of 10 centimeters. 
Twenty milliliters of blood were pumped Into the 
poryacrylonitrile fiber-packed column, the blood 

105 flowed through the column at a flow rate of 2 
mlllintera/minute, and 12.7 mlllllltere of blood 
passed through the filter. 

The blood used was heparlnlzed blood of a 
temperature of 26°C, containing 5.0x 1 0 fl 

1 10 erythrooytes/microllter, 6,800 leukocytes/mlcrolfter 
(2,300 lymphocytea/microliter and 4,30<5 
granulocytes plus monocytes/microliter) and 
2.5x 1 0 8 pletelets/mlcrollter. The above- 
mentioned experiment wae carried out at a 

115 temperature of 26°C. 

As Is apparent from Rg. 1 , the smaller the 
average diameter of the packed fibers, the higher 
the percentage of lymphocytes entrapped by the 
packed fibers, Particularly, when the average 

1 20 diameter of the packed fibers Is not greater than 
1 0 microns, the percentage of entrapped 
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lymphocytes Is satisfactory. The percentage of 
granulocytes plus monocytes entrapped by the 
packed fibers is at a high level even when the 
average fiber diameter Is large. From these facts, 
5 ft will be apparent that the second filter In the 
apparatus of the Invention* which filter is 
comprised of fibers having a relatively large 
average diameter, is suitable for selectively 
entrapping granulocytes and monocytes therein 
1 0 end that the first fitter which is comprised of fibers 
having a relatively small average diameter, Is 
suitable for selectively entrapping therein 
leukocytes including lymphocytes. 
The fibers to be packed In the container of each 
15 of the two filters are selected from synthetic 
fibers, semi-synthetic fibers, regenerated fibers, 
natural fibers such as cotton and silk, and 
Inorganic fibers such as carbon fibers, glass fibers 
and metal fibers, Each of these mentioned types 
20 of fibers may be used by Itself or a combination of 
the different types mentioned may be used. The 
fibers used should not have any deleterious 
effects on lymphocytes and other Wood 
components. Accordingly, the fibers should not be 
25 made of polymers which have moieties exhibiting, 
for example, a hemolytic function, and should not 
be treated with oiling agems which are harmful to 
blood. Preferable fibers may be selected from 
synthetic fibers such as acrylonltrile polymer 
30 (hornopolymer and copolymer) fibers, poiyamlde 
fibers and polyester fibers, semi-synthetic fibers 
such as cellulose acetate fibers, arid natural 
proteinaceoua fibers such as silk. 

The container In which the mass of fibers Ib to 
35 be packed may be of any shape provided that the 
container has at least one Inlet conduit and at 
least one outlet conduit through which a 
lymphocyte-containing suspension and other 
treated body fluids or physiological solutions can 
40 be introduced into end withdrawn from the 

container, respectively. It is convenient, however, 
that the container be of a columnar shape, Le., a 
cylindrical shape ore circular truncated cone 
shape, in view of ease In operation. It Is also 
45 convenient that the container be provided, at 
locations upstream to and downstream from the 
mass of fibers, which mesh screens or other 
similar filters in order to prevent the fibers from 
escaping out of the container. The container may 
50 be made of a non-deleterious material such as 
glass, polyethylene, polypropylene, polystyrene 
and polyvinyl chloride. 

By the term "bulk density" used herein is 
meant a numerical value expressed In 
65 grams/cubic centimeter obtained by dividing the 
weight (In grams) of the mass of fibers by the 
volume of the mass of fibers, 1.6. the Inner volume 
of the container when the container Is completely 
filled with the mass of fibers. 
60 The mass of fibers packed in the container 
should preferably have Identical bulk densities in 
any portion of the mass of fibers. It is preferable 
that the fibers be unbound Into single fibers 
before being packed Into the containers. The 
65 fibers should also preferably possess a particular 



length by which the fibers can be kept together In 
the form of sn entangled or Interlaced mass, if the 
fibers are too short, they will tend to escape from 
the container together with the liquid flowing 

70 through the container. For this reason the fibers 
should preferably possess a length which Is at 
least approximately equal to that of commercially 
available fibers popularly employed in the textile 
industry. In particular, fibers of at least 30 

75 centimeters in length cut from continuous 

filaments are most preferable for use In this case. 

The amount of the fibers to be packed ts mainly 
determined by the amount of the particular 
lymphocyte-containing liquid to be treated and 

80 the flow rate thereof. Fibers of different materials 
and/or of different diameters may be used in 
combination provided that the average diameter 
is In the above-mentioned ranges. The mass of 
fibers should preferably be In the form of a mass 

86 of entangled or Interlaced fibers, but euch mass 
may be In a woven, non-woven or knitted fabric 
form, 

Referring now to Fig. 2, which shows a 
preferred embodiment of the apparatus of the 

90 Invention, the apparatus comprises a second filter 
1 for entrapping granulocytes and monocytes 
therein anda first filter 8 for entrapping 
leukocytes Including lymphocytes therein. The 
mass of fibers 3 of the second filter 1 and the 

96 mass of fibers 8 of the first filter 8 are packed in 
one end the same container 2, and a mesh screen 
8 is provided between the two fiber masses 3 and 
8 so that the fibers of one fiber mass are not 
mixed with the fibers of the other fiber mass. The 
1 00 container 2 has en inlet conduit 4 and an outlet 
conduit 7. 

Referring to Fig. 3, which shows another 
preferred embodiment of the apparatus of the 
invention, the mass of fibers 3 of the second filter 

105 1 and the mass of flbsrs 6 of the first filter 8 are 
separately packed in two containers 2 and 1 0, 
respectively. 

Referring to Fig. 4, which shows still another 
embodiment of the apparatus of the Invention, 

110 this apparatus is different from that illustrated 
with reference to Fig. 3 In that a pump 14 and a 
three-way cock 1 2 are provided fn the conduit 4. 
A conduit 1 3 extends from the three-way cock 1 2 
to the connecting point between a conduit 9 of 

1 1 6 the second filter 1 and a conduit 1 1 of the first 
filter 6. By turning the three-way cock 1 2, the 
path of the liquid flow way may be changed so 
that the suspension Is flowed through either the 
second filter 1 or the conduit 13* 

1 20 The fibers packed In the container of the first 
filter should possess an average diameter of from 
5 to 20 microns. If the average fiber diameter Is 
too small, a satisfactory number of lymphocytes 
will be entrapped by the first filter, and It will be 

125 difficult to collect the entrapped lymphocytes 
therefrom. Consequently, the percentage yield of 
lymphocytes will be low, end it then becomes 
difficult to obtain a lymphocyte-rich suspension 
having a particular concentration needed or 

1 30 desired for component transfusions and various 
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medical tests and Investigations. In contrast, 
when the average fiber diameter Is too large, the 
percentage of lymphocytes entrapped by the flrat 
filter will be too low, and the percentage yield of 
5 lymphocytes wlU similarly be low. 

The fiber bulk density of the first filter should 
be In the range of from 0.04 to 0.4 gram/cubic 
centimeter. If the bulk density Is too email, the 
percentage of lymphocytes entrapped by the first 
10 filter will be low, leading to a reduction in the 
concentration of the coHeoted suspension. In 
contrast, If the bulk density Is too large, It than 
becomes difficult to collect lymphocytes from the 
first filter. Consequently, ths percentage yield of 
16 lymphocytes will be low. 

The average fiber diameter preferably from 7 to 
1 0 microns, and the fiber bulk density preferably 
from 0.04 to 0.25 gram/cubic cantimentar. 
The inner volume of the container of the first 
20 filter may usually be varied within the range of 
from 0.6 to 300 milliliters, depending upon the 
Intended use of the collected lymphocyte-rich 
suspension. . . 

The collection of the lymphocytes entrapped m 
26 the first filter may be conducted by forcing a 
physiological solution Into the first filter. The 
physiological solution used is not critical and can 
be, for example, a physiological sodium chloride 
solution, serum, plasma or a mixture thereof. 
30 In the case where the filtration apparatus used 
Is provided with at least one conduit, which Is 
connected to the outlet conduit of one of the two 
filters and to the inlet conduit of the other filter, as 
shown in Fig. 4, or in the case where the outlet 
35 conduit of one of the two filters can be 

disconnected from the Inlet conduit of the other 
After 8B shown In Fig. 9 hereinafter illustrated, a 
collecting physiological solution can be forced 
only Into the first filter for collecting the 
40 lymphocytes entrapped by the first filter. 

Accordingly, the granulocytes entrapped by the 
second filter can be prevented from being 
disedventagBously incorporated Into the collected 
iymphocyte-rich suspension. 
45 In the case where the filtration apparatus 
shown In Fig. 4 is used, It is preferable that such 
forcing of a collecting physiological solution into 
ths first filter be effected while a physical shock Is 
Imparted to the filter by, e.g. tapping the periphery 
60 of the filter container with a wooden stick, or 
while the flow rate is maintained at a high level, 
or while the inner liquid pressure of the filter 
container is intermittently changed. In the case 
where the filtration apparatus shown in Fig. 2 or 3 
66 is used, the collecting physiological solution 
should preferably be forced Into the second filter 
so that the solution flows through the second 
filter Into the first filter at an enhanced flow rate. 
It is not preferable, In this case, that the collecting 
60 physiological solution be allowed to flow while a 
physical shock is Imparted to the filters or that the 
solution be forced initially into the first filter and 
thereafter Into the second filter. This is because 
the granulocytes from the second filter are liable 
65 to be incorporated Into the collected suspension. 



The fibers to be packed into the container of 
the second filter should have an average diameter 
of greater than 1 0 microns but of not greater than 
60 microns. The average fiber dlemeter should 
70 also be greater than that of the first filter. If the 
average fiber diameter of the seoond filter is less 
than the above-mentioned range, the second filter 
will entrap a significant amount of lymphocytes as 
well as granulocytes and monocytes, thus leading 
75 to a reduction in the percentage yield of 
lymphocytes. In contrast, if the average fiber 
diameter exceeds the above-mentioned range, 
the percentage of granulocytes and monocytes 
entrapped by the second filter will decrease, thus 
80 reducing the purity of the resultant collected 
lymphocytes. 

The fiber bulk density in the container of the 
second filter may be sultebry varied depending 
upon the flow rate of the liquid passing 
65 therethrough and upon the temperature thereof. 
The fiber bulk density Is preferably In the range of 
from 0.05 to 0.5 gram/cubic centimeter, more 
preferably In the range of from 0.1 to 0.4 
gram/cubic centimeter. 
90 The inner volume of the container of the 
second filter may also be varied within a broad 
range depending upon the intended use of the 
collected lymphocyte-rich suspension. 
Referring now to Figa. 5 and 6 which are a 
96 front sectionsl view and side view, respectively, 
of one preferred form of the outlet conduit of the 
filtration apparatus of the invention, the outlet 
conduit 7 Is of a form capable of being connected 
to an iniector by inserting the outlet nipple of an 
1 00 Injector Into the conduit 7. By the Insertion of an 
Injector Into the outlet conduit 7, ft becomes easy 
to suck therethrough a lymphocyte-containing 
suspension or a washing liquor, or to elect 
therethrough a collecting physiological solution. 
105 Referring to Figs. 7 and 8 which are front 

sectional views of two preferred forms of the inlet 
conduit of the filtration apparatus of the Invention, 
the inlet conduit 4 is of a form capable of being 
connected to an injector. That is, the Inlet conduit 
110 4 shown in Fig. 7 is of a shape similar to the 

outlet nipple of an injector, and an injector needle 
can be fitted to the Inlet conduit 4. In place of the 
form shown in Fig, 7, the Inlet conduit 4 may be 
an injector needle itself. When the Inlet conduit 4 
116 la an Injector needle, blood can be directly 
extracted from a donor and sucked Into the 
filtration apparatus. When the inlet conduit Is of 
such a shape that an injector needle can be fitted 
thereto as shown in Fig, 7, it is possible to extract 
120 blood directly from a donor by directly fitting the 
Injector needle to the Inlet conduit, and It Is also 
possible to such blood extracted from a donor 
through a tube by fitting the tube to the inlet 
conduit. The inlet conduit 4 shown In Rg. 8 Is of a 
1 25 particular shape so as to allow Insertion of an 
outlet nipple of an Injector thereinto. After the 
needle Is detached from the injector, the iniector 
which is used for extracting blood can be fitted to 
the Inlet conduit 4 due to its particular shape. By 
1 30 providing the inlet conduit 4 with a rubber cap, 



GB 2 018 149 A 



6 



the needle of the Injector used for extraction of 
blood can be caused to pierce through the rubber 
cap. 

Referring to Fig. 9 which Is a diagrammatic 
6 view showing one preferred form of connection 
for the two filters of the apparatus, the apparatus 
shown therein is of a relatively small size and is 
suitable for preparing lymphocyte suspensions for 
various testa and Investigations. The second filter 
10 1 ' far entrapping granulocytes and monocytes 
end the first filter 5' for entrapping leukocytes are 
disposed In a manner similar to that In Rg, 3, 
except that the two filters are connected to each 
other by Inserting a conduit 11 ' of the first filter 5' 
1 5 into a conduit 9' of the second filter V. Each mass 
of fibers 3' and 6' Is sandwiched by two mesh 
screens 1 5 so that the fibers will not escape from 
the respective containers. 

The Inner volume of the second filter 1 ' of the 
20 small size filtration apparatus shown in Rg, 9 may 
be In the range of from 0,6 to B milliliters, more 
preferably from 1 to 3 milliliters. By the term 
"Inner volume of a filter" used herein Is meant a 
volume obtained by subtracting the volume 
26 occupied by the fibers from the inner volume of 
the container. If the Inner volume Is too small, a 
substantia! period of time Is required for the 
separation of granulocytes and monocytes, or the 
purity of the resultant collected lymphocytes is 
30 reduced. If the Inner volume Is too large, a large 
amount of a lymphocyte-containing suspension is 
needed for obtaining the desired amount of a 
lymphocyte suspension* 
The Inner volume of the first filter 5' shown In 
35 Rg. 9 may be in the range of from 02. to 6 

milliliters, more preferably from 0.6 to 3 milliliters, 
An Inner volume which Is too small makes It 
difficult to obtain the desired amount of 
lymphocyte suspensions and an Inner volume 
40 which Is too large reduces the percentage yield of 
lymphocytes. 

In the operation of the apparatus shown in Rg. 
9, after lymphocytes are entrapped by the first 
filter 6', the second filter 1 ' with granulocytes and 
45 monocytes entrapped therein Is detached from 
the first filter 6'. Then, only the first filter 5' is 
washed, and lymphocytes entrapped by ths first 
filter 6' are collected. Instead of using the 
arrangement shown In Rg. 9 In which the conduit 
50 9' of the second filter 1 ' and the conduit 1 1 ' of 
the first filter 5 f are detechably connected to each 
other as shown In Rg. 9, another arrangement as 
shown in Fig. 1 0, wherein the two conduits 1 1 ' 
and 9' can be connected to each other by means 
55 of a three-way cock 1 V which is connected to 
another conduit 1 6, can be used. By this three- 
way cock 1 2' , the washing of only the first filter B' 
and the collection of lymphocytes therefrom can 
be effected. 

60 The method of separating lymphocytes from a 
lymphocyte-containing suspension by employing 
the above-explained apparatus will be described. 

In the operation of the apparatus shown in Rg. 
2 or 3, a lymphocyte-containing suspension is 

66 forced, by using, for example, a pump, through the 



conduit 4 Into the second filter 1 . A substantial 
part of the granulocytes and monocytes present In 
the original suspension is entrapped by the 
second filter 1 , and the resulting granulocyte-poor 
70 and monocyte-poor suspension Is forced Into the 
first filter 5 where a substantial part of the 
lymphocytes is entrapped. Some amounts of 
erythrocytes, platelets and plasma remain in the 
first filter 6. In order to obtain the Intended 

75 lymphocytes of a high purity, these erythrocytes 
and other components should preferably be 
washed out from the first filter 5. This washing 
out may be conducted by introducing Into the first 
filter 5 a physiological solution such as a 

80 physiological sodium chloride solution, preferably 
through the conduit 7 so that the granulocytes 
entrapped by the second filter 1 can not escape 
Into the first filter. However, If a serum Is used as 
the washing iiquoT, the serum may be Introduced 

85 through the conduit 4 although such introduction 
Is not preferable After the washed liquid Is 
withdrawn from the conduit 4, a physiological 
solution as a collecting liquid is forced through 
the conduit 4 Into the first filter 5 at an enhanced 

80 flow rate, thereby to obtain a lymphooyte-rlch 
suspension with a high purity from the conduit 7. 
The volume of the collecting liquid may be 
approximately the same as that of the mass of 
fibers packed In the first filter 5. 

95 In the operation of the apparatus shown in Rg. 

4, a lymphocyte-containing suspension Is forced 
by the pump 14 through the three-way cock 1 2 
Into the second filter 1 and then Into the first filter 

5. After a substantial part of the granulocytes and 
1 00 monocytes is entrapped by the second filter 1 and 

after a substantial part of the lymphocytes Is 
entrapped by the first filter 6, a physiological 
solution Is forced, through the conduit 4. the 
three-way cock 12 and the conduit 1 3, Into the 

106 first filter 5 thereby to wash out erythrocytes, 
platelets and plasma remaining In the first filter 5. 
Thereafter, a collecting physiological solution Is 
similarly forced Into the first filter thereby to 
obtain a lymphocyte-rich suspension. 

1 1 0 When a lymphocyte-containing suspension Is 
flowed through the second After and then the first 
filter, as explained above, a certain amount of the 
suspension corresponding to the inner volume of 
the second filter Is not utilized for the separation 

1 1 5 of lymphocytes. In order to effectively utilize this 
amount of suspsnslon for the separation of 
lymphocytes, plasma, serum or a serumglobulin 
solution msy be forced into the second filter 
whereby the granulocyte-poor and monocyte- 

1 20 suspension still Including lymphocytes can 
be flowed from the second filter to the first filter 
without causing an undesirable desorptlon of 
granulocytes and monocytes from the second 
filter; In the case that the lymphocyte-containing 
1 26 suspension Is blood, It Is also preferable that a 
leukocyte-poor suspension passed through the 
second filter and then the first filter be forced Into 
the second filter again. 

In use of the apparatus shown In Fig. 9, the 
1 30 outlet nipple of an injector Is first inserted into the 
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conduit 7'; thereafter, a lymphocyte-containing 
suspension Is eucked by the fnjector through the 
conduit 4' Into the second filter V and then Into 
the flnst filter 5'. After granulocytes and 
5 monocytes are entrapped by the second filter and 
lymphocytes are entrapped by the first filter, the 
conduit 9' Is disconnected from the conduit 1 1 
Then, a washing physiological solution Is sucked 
by the injector Into the first filter. Thereafter, the 
10 injector Is detached from the conduit T of the first 
filter 5' and, in place of the injector, the outlet 
nipple of another Injector filled with a collecting 
physiological solution Is inserted into the conduit 
7'. Finally, the collecting physiological solution is 
15 ejected from the Injector Into the first filter 
thereby to obtain the Intended lymphocyte-rich 
suspension from the conduit 1V. 

Although some preferred embodiments of the 
invention are described above with reference to 
20 the accompanying drawings, modifications may 
be made thereto. For example, instead of using a 
pump or Injectors as explained above, both a 
pump and an injector may be used In 
combination. Or, a lymphocyte-containing 
25 suspension and other liquids may be flowed 
through the two filters by utilizing gravity. 
Furthermore, Insteed of utilizing the above- 
mentioned method wherein a lymphocyte- 
containing suspension Is Introduced Initially Into 
30 the second filter and then into the second filter, a 
modified method can be employed in eonrre cases. 
For example, first, a lymphocyte-containing 
suspension Is flowed first through only the first 
filter; thereafter, a washing liquid Is flowed 
35 through the first filter; next, a collecting liquid is 
flowed through the first filter to obtain a 
leukocyte-rich suspension; and finally, the 
leukocyte-rich suspension is flowed through the 
second filter thereby to remove granulocytes and 
40 monocytes from the suspension and to obtain the 
Intended lymphocyte-rich suspension. 

According to the present invention, a 
lymphocyte-rich suspension can be obtained by 
using a simple operation and within a relatively 
45 short period of time. The obtained suspension 
contains only very minor amounts of erythrocytes, 
monocytes and granulocytes, Le. the purity of the 
suspension Is high. The yield of lymphocytes is 
also high. Thus, the filtration apparatus of the 
50 Invention can enable a component transfusion to 
be easily conducted in medical facilities. It will 
also be easy to fractionate or adopt a minor 
amount of lymphocytes required for various 
medical tests or researches. 
55 The invention will be further illustrated by the 
following examples carried out at room 
temperature; in which examples, percentages are 
shown by the number of cells unless otherwise 
specified. 

60 Example 1 

3.817 grams of polyacrylonltrile fibers having 
an average diameter of 8.2 microns and a length 
of about 4 centimeters were uniformly packed at 
a bulk density of 0.1 5 gram/cubic centimeter into 



65 a cylindrical polyvinyl chloride column having an 
inner diameter of 1 .8 centimeters and a length of 
1 0 centimeters, thereby to prepare a first filter. 
1 .932 grams of polyamlde fibers having an 
average diameter of 20.7 microns and a length of 

70 about 4 centimeters were uniformly packed at a 
bulk density of 0.082 gram/cubic centimeter Into 
another cylindrical polyvinyl chioride column 
having an Inner diameter of 2 centimeters and a 
length of 7.5 centimeters, thereby to prepare a 

75 second filter. The first and second filters were 
disposed as shown In Fig, 4, 

Hepsrlnized blood from a healthy human donor 
was heated to 37 °C, and then caused to flow, by 
using the pump 1 4. through ths three-way cock 

80 1 2, the second filter 1 and then the first filter 5, at 
a flow rate of 4 mlllll Hers/minute. When 1 00 
milliliters of blood were passed through the Inlet 
4, the pump 1 4 was stopped and the three-way 
cock 12 was turned 90 9 In a clockwise direction. 
85 Then, 1 50 milliliters of a physiological sodium 
chloride solution were caused to flow, by using 
the pump 1 4, through the cock 1 2, the conduit 1 3 
and then the first filter 8, at a flow rate of 10 
miililfters/mlnute. Finally, 1 00 milliliters of a 
SO collecting liquid of 6.5 pH, comprised of 39.8% of 
albuminate, 1 2.5% of an ACD-A solution and 
47.7% of a physiological sodium chloride 
solution, were pumped through the first filter 5 at 
a flow rate of 1 0 mlMIlters/mlnute, while the 
95 periphery of the column 1 0 was tapped with a 
wooden stick at a rate of 1 00 times/minute. The 
lymphocyte-rich suspension so collected contained 
45% of the original lymphocytes and exhibited a 
. ^ viability of at least 99%. The total amount of 

100 granulocytes and monocytes contained in the 
collected lymphocyte-rich suspension was 1 % of 
the total amount of all leukocyte components, 
that Is, the amount of lymphocytes contained In 
the collected suspension was 99% of the total 

1 05 amount of all leukocyte components (i.e., the 
purity of lymphocytes was 99%). The collected 
lymphocyte-rich suspension further contained 1 % 
of the original erythrocytes and 5% of the original 
platelets. 

110 Example 2 

1 .93 grams of polyamlde fibers having en 
average diameter of 21 mlcrona and a length of 
about 5 centimeters were uniformly packed at a 
bulk density of 0.3 gram/cubic centimeter Into a 

1 1 5 cylindrical polyvinyl chloride column having an 
Inner diameter of 1 5 millimeters and a length of 
36 millimeters, thereby to prepare a second filter. 
The volume of the second filter was 4.7 milliliters. 
0.263 gram of polyacryionrtrile fibers having an 

120 average diameter of 8.16 microns and a length of 
about 30 millimeters was uniformly packed at a 
bulk density of 0. 1 3 1 gram/cubic centimeter 
Into another cylindrical polyvinyl chloride column 
having an Inner diameter of 1 0 millimeters and a 

1 25 length of 25.5 millimeters, thereby to prepare a 
first filter. The volume of the first filter was 1 .78 
milliliters. The two fiber-packed columns were 
connected as shown In Fig. 9. 
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The outlet nipple of a 25 milliliter Injector was 
Inserted Into the conduit T of the first filter 6\ 6 
milliliters of heparlnlzed blood from a healthy 
human donor were heated to a temperature of 
6 37°C, and then, by means of the Injector, suclced 
Into the conduit 4' of the second filter 1 ' and 
flowed through the second filter 1 ' and the first 
filter 6' at a flow rate of 3 mililllters/mlnute. When 
the movement of the blood from the second filter 

10 1 ' to the firet filter 6' stopped, the suction caused 
by the Injector was also stopped and the' two 
filters 1' and 5' were disconnected from each 
other. Then, 20 milliliters of a physiological 
sodium chloride solution were suoked into the 

1 5 conduit 1 1' of the first filter 5' by means of the 
Injector and flowed through the first filter 6' at a 
flow rate of 5 milliliters per minute. Then, the 
Injector was detached from the conduit T, and 
thereafter another injector filled with 2 milliliters 

20 of a physiological sodium chloride solution was 
fitted to the conduit 7'. The physiological sodium 
chloride solution was abruptly forced into the first 
filter 6' thereby to collect 2 milliliters of the 
lymphocyte-rich suspension from the conduit 1 1 

25 The concentration of the collected lymphocytes In 
the suspension was 70% of the original 
lymphocyte concentration In the blood. The 
collected lymphocytes exhibited a viability of at 
least 99%. The total amount of granulocytes and 

30 monocytes contained In the collected 

lymphocyte-rich suspension was 796 of the total 
amount of all leukocyte components, that is, the 
amount of lymphocytes contained in the collected 
suspension was 93% of the total amount of all 

35 leukocyte components (I.e. the purity of 
lymphocytes was 93%). The collected 
lymphocyte-rich suspension further contained 
0.8% of the original erythrocytes and 4% of the 
original platelets. 

40 Example 3 

1 .448 grams of polyester fibers having en 
average die meter of 14.3 microns and a length of 
about 50 millimeters were uniformly packed et a 
bulk density of 0.1 8 gram/cubic centimeter Into a 

45 cylindrical polystyrene column having an Inner 
diameter of 16 millimeters and a length of 40 
millimeters, thereby to prepare a second filter. 
0.471 gram of polyamlde fibers having an 
average diameter of 1 0.6 microns and a length of 

50 about 30 millimeters was uniformly packed at a 
bulk density of 0.20 gram-cubic centimeter Into a 
cylindrical polystyrene column having an inner 
diameter of 1 0 millimeters end a length of 30 
millimeters, thereby to prepare a first filter. The 

55 two filters so prepared were disposed as shown In 
Fig. 3. 

The outlet nipple of a 25-mniiliter injector was 
Inserted into the conduit 7 of the first filter 5. 9 
milliliters of heparlnlzed blood from a healthy 
60 human donor were heated to a temperature of 
37 °C, and then, by means of the Injector, sucked 
through the conduit 4 of the second filter 1 and 
Into the second filter 1 and the first filter 6 et a 
flow rate of about 2 mil IllhWmlnute. When the 



65 second and first filters were filled with the blood, 
the suction caused by the Injector was stopped. 
Then, 2 milliliters of serum of the AB typB were 
similarly suoksd into the two filters at a flow rate 
of 2 mllllllters/minuts. Theresfter the Injector was 

70 detached from the conduit 7 and fitted to the 
conduit 4, and then 30 milliliters of a physiological 
sodium chloride solution were sucked througrh 
the conduit 7 into the two filters and flowed 
therethrough at a flow rate of 4 mllllllters/mlnute. 

75 Then, the Injector was detached from the conduit 
4, and, in place of the injector, another Injector 
filled with 2 milliliters of a physiological sodium 
chloride solution was fitted to the conduit 4, The 
physiological sodium chloride solution was 

80 abruptly forced Into the two filters 1 and 5 

thereby to collect 2 milliliters of a lymphocyte- rich 
suspension from the conduit 7. The concentration 
of the collected lymphocytes In the suspension 
was 60% of the original lymphocyte 

35 concentration in the blood. The total amount of 
granulocytes and monocytes contained In the 
collected suspension was 8% of the total amount 
of all leukocyte components, that Is, the amount 
of lymphocytes contained In the oolleoted 

90 suspension was 92% of the total amount of all 
leukocyte components (I.e. the purity of the 
collected lymphocytes was 92%). The collected 
suspension further contained 1 .4% of the original 
erythrocytes and 5% of the origins! platelets. 

96 Example 4 

0.1 98 gram of polyester fibers having an 
average diameter of 12,4 microns and a length of 
about 3.8 centimeters was uniformly packed at a 
bulk density of 0.12 gram/cubic centimeter Into a 

100 cylindrical polystyrene column having an inner 
diameter of 14.6 millimeters and a length of 1 0 
centimeters, thereby to prepare a second filter. 
The volume of the second filter was 1 .5 milliliters. 
0.294 gram of polyester fibers having an average 

1 05 diameter of 9 microns and a length of about 40 
millimeters was uniformly packed at a bulk 
density of 0.1 6 gram/cubic centimeter into 
another cylindrical polystyrene column having an 
inner diameter of 1 2.5 millimeters and a length of 

110 15 millimeters, thereby to prepare a first filter. 
The volume of the first filter was 1.63 milliliters. 
The two fiber-packed columns were connected as 
shown In Fig. 9. 

The outlet nipple of a 35 milliliter injector was 

1 1 5 Inserted into the conduit T of the first filter 5' and 
an Injector needle as connected to the conduit 
4' of the second filter V. About 3.2 milliliters 
of blood were extracted from the vein of 
a healthy human donor through the 

1 20 injector needle at a flow rate of about 2 

mllllllters/mlnute. Then, the two filters 1 ' and 5' 
were separated from each other. 20 milliliters of a 
physiological sodium chloride solution were then 
sucked through the conduit 1 1 Mnto the first filter 

1 25 5' at a flow rate of about 5 mlllHTters/mlnute, 
Then, the injector was detached from the conduit 
7', and. In place of the Injector, another injector 
filled with 2 milliliters of a physiological sodium 
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chloride solution W8S fitted to the conduit 7\ The 
physiological sodium chloride solution was 
abruptly forced Into the first filter 5' thereby to 
collect 2 milliliters of a lymphocyte-rich 

6 suspension from the conduit 1 1 One milliliter of 
hepari nlzed blood was extracted from the same 
donor, and a comparison test of this blood with 
the collected lymphocyte-rich suspension wee 
conducted. The comparison test showed that the 

1 o concentration of the collected lymphocytes !n the 
suspension was 60% of the original lymphocyte 
concentration In the blood. The purity of the 
collected lymphocytes was 95%. The collected 
suspension further contained 0.6% of the original 

1 5 erythrocytes and 3% of the original platelets. 
Although no anti-coagulant was used In this 
experiment, the collected lymphocyte-rich 
suspension did not coagulate* This fact clearly 
Indicates that anti-coagulants normally used In 

20 separating lymphocytes need not be used for 
separating lymphocytes according to the present 
invention. Thus, the lymphocytes collected by 
utilizing the process of the present Invention will 
not be subjected to the deleterious effects of antl- 

25 coagutants, 



1. An apparatus for separating lymphocytes 
from blood or other lymphocyte-containing 
suspensions, comprising: 

30 a first filter comprising a container having an 
Inlet and an outlet, said container having packed 
therein a mess of fibers exhibiting a bulk density 
of from 0,04 to 040 gram/cublo centimeter and 
an average fiber diameter of from 6 to 20 

35 microns, and 

e second filter, disposed upstream to or 
downstream from said first filter, comprising a 
container having an Inlet and an outlet, said 
container having packed therein a mess of fibere 

40 exhibiting an average fiber diameter of greater 
than 1 0 microns but not greater than 60 microns, 
the average fiber diameter of said second filter 
being greater than that of said first filter, 
said outlet of one of said two filters being 

45 connected to said inlet of said other filter, 

2. An apparatus according to Claim 1 wherein 
a conduit of said outlet of one of seld two filters 
and a conduit of said Inlet of said other filter are 
connected to at least one other conduit 

50 3. An apparatus according to Claim 1 wherein 
a conduit of said outlet of one of said two filters 
can be disconnected from a conduit of said Inlet 
of said other filter. 

4. An apparatus according to any one of Claims 

66 1 through 3 wherein said container of eald first 
filter has packed therein a mass of fibers 
exhibiting a bulk density of from 0.04 to 0,25 
gram/cubic centimeter and an average fiber 
diameter of from 7 to 1 0 microns. 

60 6. An apparatus according to any one of Claims 
1 through 3 wherein said fibers are of at least one 
type of fibers selected from the group consisting 
of synthetic fibers, seml-synthetlo fibers. 



regenerated fibers, natural fibers and Inorganic 
65 fibers. 

6. An apparatus according to any one of Claim 
1 through 3 wherein the volume of the first filter 
Is 0.2 to 5 milliliters and the volume of the second 
filter is 0.5 to 5 milliliters. 
70 7. An apparatus according to Claim 2 or 3 
wherein at least one outlet conduit of said two 
containers Is of a form capable of being 
connected to the outlet nipple of an Injector. 

8. An apparatus according to Claim 2 or 3 
75 wherein at least one Inlet conduit of said two 

containers is of a form capable of being 
connected to the outlet nipple of an injector. 

9. An apparatus according to Claim 2 or 3 
wherein at least one inlet conduit of said two 

80 containers is of a form capable of being 
connected to an injector needle or eaid inlet 
conduit comprises an Injector needle. 

10. An apparatus according to Claim 2 or 3 
wherein said inlet conduit of one of said two 

85 filters, which Is disposed upstream to the other of 
said two filters, la capped with a rubber covering 
to be pierced by an Injector needle. 

11. A method of separating lymphocytea from 
a lymphocyte-containing suspension comprising 

90 the steps of: 

Causing said lymphocyte-containing 
suspension to flow through a second filter 
comprising e container having packed therein a 
mass of fibers exhibiting an average fiber 

95 diameter of greeter then 1 0 microns but not 
greater than 60 microns, thereby to entrap a 
substantial part of granulocytes and monocytes In 
said mass of fibers and to obtain a grenufocyte- 
poor and monocyte-poor lymphocyte-containing 

100 suspension, 

causing said granulooyte-poor and monocyte- 
poor lymphocyte-containing suspension to flow 
through a first filter comprising a container having 
packed therein a mass of fibers exhibiting a bulk 

105 density of from 0.4 to 0.40 gram/cubic centimeter 
and Bn everage fiber diameter of from 5 to 20 
microns, said average fiber diameter being less 
than that of said second filter, thereby to entrap a 
substantial part of lymphocytes In said mass of 

110 fibers, and then 

collecting said lymphocytes entrapped In aaid 
mass of fibers of said first filter, to obtain a 
lymphocyte-rich suspension. 

12. A method of separating lymphocytes from 

115a lymphocyte-containing auspenslon comprising 
the steps of: 

ouuslng said lymphocyte-containing 
suspension to flow through e first filter 
comprising a container having packed therein a 

1 20 mass of fibers exhibiting a bulk density of from 
0.04 to 0.40 gram/cublo centimeter and an 
average fiber diameter of from 5 to 20 microns, 
thereby to entrap a substantial part of leukocyte 
components In said mass of fibers, 

1 25 collecting said leuokocyte components 

entrapped In said mass of fibers of said first filter, 
to obtain a leukocyte component-rich suspension, 
and then 
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causing said leukocyte componentnrich 
suspension to flow through a second filter 
comprising a container having packed therein a 
mass of fibers exhibiting an average fiber 

5 diameter of greater than 1 0 miorons but not 
greater than 60 microns, the average fiber 
diameter of said second filter being greater than 
that of said first filter, thereby to entrap a 
substantial part of granulocytes ami monocytes In 

1 0 *ald mass of fibers of said second filter end to 
obtain a lymphocyte-rich suspension. 

1 3. A method according to Claim 1 1 
substantially as described herein with reference to 
eny one of the Figures of the accompanying 



15 drawings, 

1 4. A method according to Claim 1 1 
substantially as described in any one of the 
Examples. 

1 6. A lymphocyte-rich medium obtained by 
20 use of a method according to any one of Claims 
11 to 14. 

1 8. Apparatus according to Claim 1 
substantially as described in 8hy one of Figures 2 
to 10 of the accompanying drawings. 
25 1 7. Apparatus according to Claim 1 
substantially as described In any one of the 
Examples. 
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